Nopal is a young pad (cladophyll) of prickly pear (Opuntia ficus-indica) highly consumed as a vegetable by human beings in Mexico. It is believed that nopal can increase milk production of bovine cattle. Therefore, the objective of this research was to study the effect of nopal-fed Holstein cows on yield and quality of raw milk and fresh cheese two groups (G) of cows were formed: G1 (n = 6) cows were fed with native grass plus 18% of raw protein and 4.8 kg·day -1 dry matter during the rainy season (June to September), and then increasing dry matter to 9.8 kg·day -1 during the dry season (October to May); G2 (n = 5) cows received the same diet as G1, but added with nopal during the dry season. During the dry season, G2 showed higher (P < 0.001) milk production and less (P < 0.05) bacterial colony-forming units in raw milk and fresh cheese than in G1. These observations suggest that nopal, as a diet supplement, increases milk production and improve quality of both raw milk and fresh cheese from bovine cattle.
INTRODUCTION
Bovine production systems in the rural areas of Mexico are characterized by an extensive use and low or null technification (Macedo et al., 2006) . In the case of rural communities of Michoacan, Mexico, the main problems that limit development of the bovine cattle industry, including the dairy industry, is the scarceness of good quality forage (Medina et al., 2006) . Furthermore, the different agroecological regions, defined by the amount of precipitation during the rainy season, determine the availability of forage resources, which in turn leads to a deficient behavior of production of livestock herds in areas with a long dry season (Medina et al., 2006) . Due *Corresponding author. E-mail: rosa_elenap@yahoo.com.
to this phenomenon, diets of grass-fed livestock are subjected to frequent fluctuations in both quality and quantity of forage (Sagarpa, 2010) , resulting in low profitability of dairy cattle production systems. Besides, extensive production systems in rural regions in the state aof Michoacán contribute to a rapid deterioration of the ecosystem, to soil erosion, scarcity of water reserves and desertification (Rodríguez, 2008) .
Under this scenario, some cattle farmers have tried to solve the problem of feeding of their cattle by using native pastures, including nopal or prickly pear (Opuntia ficusindica) . This practice has been documented in the north of Mexico since 1964 (Marroquin, 1964) . About 62 species of the genus Opuntia have been described in Mexico out of the 92 described all along North America, thus positioning Mexico as a dissemination center (Bravo, 1978) . Nopal used as a forage is cultured in 15.8% of the territory used for cattle rising in Northern and Central Mexico. Due to its high availability it is strongly recommended for it to be used as forage. Nopal is also recommended because of its freshness, high water content and palatability (Carranza, 2001) . For bovine cattle feeding, nopal is preferred due to its capacity to easily produce pads, its high calcium and carbohydrate content its high digestibility (68% in 48 h), and its fiber content (47% neutral-detergent fiber and 16% acid detergent fiber) among other features (Medina et al., 2006) . Opuntia provides higher energy content (2.25 mcal/kg) than maize stubble (1.69 mcal/kg), but lower protein content (3.5%) as compared with maize stubble (4.5%). However, its mineral content is higher (2.01% Ca, 0.11% P) than that of alfalfa (1.68% Ca, 0.08% P) or sorghum (0.5% Ca, 0.29% P). Due to its nutritional properties, Nopal must be used as a supplement in combination with high protein and high phosphorus containing components (Medina et al., 2006) . Garcia et al. (2005) showed that when cows' diet is supplemented with nopal not only milk production is increased, but quality and storage life of dairy products are also improved. As to quality of milk and dairy products, it has been shown that milk in the cow's udder is pathogen-free (considering the absence of an infectious process), but once the milking of cows has taken place, milk can be subjected to bacterial contami-nation, including pathogenic bacteria, that inhabit either soil or manure (Magariños, 2000) . Food innocuousness is a key component of food safety. However, small cattle farmers usually use milk for self-consumption and also for the artisanal elaboration of dairy products, which in turn contributes to increase an informal market with no phytosanitary control (Garcés et al., 2005) . Therefore, the objective of this research was to study the effect of nopalfed Holstein cows on yield and quality of row raw milk (RM) and fresh cheese (FC).
MATERIALS AND METHODS
Dairy products (milk and fresh cheese) were obtained from a group of Holstein livestock belonging to the Facultad de Agrobiología "Presidente Juarez", Universidad Michoacana de San Nicolas de Hidalgo at the city of Uruapan, in the state of Michoacán (19° 22' 48.4" N and 102° 01' 45.7" W) . This area is characterized by a humid sub-tropical climate (Cwa) under the Köppen climate classification, with 1,622 mm average precipitation during the summer (Reséndiz, 1988) . Eleven cows ranging from 59 to 91 days of milk production and from 1 to 5 births were selected from a herd with a size of 18 cows. Two groups (G) of cows were formed: G1 (n = 6) cows received a conventional diet according to the season of the year, with native grass (ad libitum) during the rainy season (Tables  1 and 2 ); G2 (n = 5) cows received the same diet as G1, but it was added with prickly pear (nopal) pads during the dry season (Table  3) . Nopal was given fresh, cut into fragments with a size of 3 × 3 cm, and with no more than 7 d after harvest.
Milk production was quantified every 15 days, averaging daily milk yields (liters) for the two major seasons (wet and dry). For statistical analysis purposes, milk yield was subdivided in 50 days lactation periods. Therefore, milk yield was quantified at 75, 125, and 175 days of lactation during the rainy season, and at 225, 275, and 305 or more d of lactation during the dry season. Collected data were analyzed by the mix model procedure of statistical analysis system (SAS) (SAS, 2000) . Statistical differences among groups and production periods were computed by the least square means of SAS.
Bacteriological analysis of RM and FC during the dry season was carried out by sampling four replicates consisting of 10 ml of RM and 10 g FC. An organoleptic analysis consisting of odor, color, taste and texture evaluation was done for FC obtained from RM in both groups. For this purpose, a total of four samples of 300 g each were taken, each sample was collected in a different date. FC yield (kg FC·l -1 RM) was also estimated. Samples intended for bacteriological studies were collected, labeled and then kept in polyethylene bags at 4°C until analysis. Sample preparation and analysis were done according to the following criteria of the Official Mexican Norms; these norms were: NOM-110-SSA (1994), establishes the procedures for preparation of dilutions for microbiological studies of food products; NOM-113-SSA (1994) establishes the determination method for total coliform microorganism content of food products; NMX-F-700-COFOCALEC-2004 used to determine the quality of milk and milkderived products based on total aerobic, mesophilic bacterial content. RM and FC samples were homogenized in 100 ml peptone-containing water for 60 sec with the aid of a kitchen blender; final peptone dilution was 10 -5 . Coliform bacteria were inoculated in violet red bile agar (VRBA) and incubated at 37°C for 24 h. For aerobic mesophilic bacteria (AMB), inoculation was performed using standard count agar (SCA) medium at 37°C, followed by a 48 h incubation period. Colonyforming units (CFU) count was done by using a Quebec Dark-fielddigital bacteria counter (Reichert Technologies, Depew, NY). Data were transformed to log10 prior to statistical analysis following the general model procedure of SAS (SAS, 2000) ; means were separated by the least square means method.
RESULTS AND DISCUSSION
Milk yield (MY) was affected by group (G) (P < 0.05) and G-by-period interaction (P < 0.001) but not by the number of deliveries (P > 0.05). During the evaluation period, each cow of G2 produced an average MY of 8.529 l·day -1 , in contrast to 7.440 l·day -1 from G1 cows that did not receive a diet supplemented with nopal during the dry season. These findings are in agreement with those of López et al. (2001) and Ortiz (2010) , who found an increase in milk production in nopal-fed cattle.
During the rainy season, MY was similar for G1 and G2, but it tended to increase after 75 and 125 d of production, and then it showed a decrease towards 175 d (Table 4) ), and then it decreased after 275 d of lactation (Table 4) . MY was higher (P< 0.05) for G2 than that of G1 during the rainy season (Figure 1) .
These results highlight the importance of nopal in supplementing the diet in milk-producing cattle during the rainy season. González et al. (1998) , working with Holstein cows found good results when they added 20 to 30% of nopal, based on dry-matter content, and then supplementing with either alfalfa, or sorghum hay. In the present work, dry matter content of nopal was 11.8% for G2-fed cows. 
Microbiological quality of row milk
Average number (log 10 ) of colony-forming units (CFU) in raw milk (RM) was 2.7 ± 0.5 CFU.ml -1 , with a variation coefficient of 17.7% and R2 = 0.83. CFU number in RM was affected (P < 0.001) by diet's group (G) but not by bacteria type (BT) or by G*BT interaction. G2-and G1-derived RM averaged 1.9 and 3.6 CFU·ml -1 , respectively, with a standard error (SE) of 0.20 in both cases.
Mesophilic aerobic bacteria (MAB) content in RM was 1.6 and 3.7 CFU·ml -1 (log 10 ) for G2 and G1 cows, respectively. According to the NMX-F-700-COFOCALEC-2004 norm, RM is considered as acceptable for human consumption when it contains no more than 6.1 CFU·ml -1 (log 10 ) of MAB. Therefore, RM in both G2 and G1 showed an acceptable microbiological quality as to MAB content. However, RM of cows receiving a diet supplemented with nopal was of better microbiological quality than that of nopal-free nourished cows (Table 5) .
Under the official standards for milk to be considered of supreme quality in Mexico (PC-031-2005) , maximum MAB content must be no higher than 4.5 CFU.ml -1 (log 10 ); therefore, RM in this work falls within the sanitary quality standards with regards to MAB content.
Coliform bacteria (CB) content was 2.2 and 3.5 CFU·ml -1 (log 10 ), in RM collected from cows receiving a diet with and without nopal, respectively. In this regard, the NMX-F-700-COFOCALEC-2004 norm establishes a maximum CB content of 2.0 CFU·ml -1 (log 10 ) for RM to be considered acceptable for human consumption. Therefore, milk produced from the Holstein heard used in this study does not comply with the quality standards Values with different letter within columns of same product are significantly different (P < 0.05). required by the Mexican norm; however, cows receiving a diet supplemented with nopal produced milk with less (P < 0.05) CB than cows receiving a conventional diet.
Organoleptic characteristics and microbiological quality of fresh cheese
Organoleptic quality, texture and yield of fresh cheese (FC) were superior in milk collected from cows receiving nopal in their diets than milk of cows receiving a conventional diet (Table 6 ). In this regard, González et al. (1998) point out the benefits of nopal in improving not only milk production but also the quality of milk byproducts as the consistency and odor.
In average (log 10 ), FC showed 4.2 ± 1.1 CFU·g -1 (VC = 26.7%; R 2 = 0.81). Bacteria content was affected both by diet (P < 0.05) and by bacteria type (P < 0.05) but not by the diet*bacteria type interaction. Bacteria content in FC also was affected (P < 0.05) by the interaction diet*storage duration. This bacterial content is lower than that reported by Gonzalez et al. (2004) who, working with artisanal cheese, found 5.4 CFU·g -1 (log 10 ). However, according to the Mexican NOM-121-SSA1-1994 norm, artisanal cheese must be elaborated using pasteurized milk due to the high content of microorganism present in raw milk. Furthermore, the manufacturing process of fresh cheese is not uniform and it varies according to location and tradition (Gonzalez et al., 2004) . Norm NOM-120-SS1-1994 establishes that only Añejo cheese can be elaborated using raw milk as long as it is consumed within 100 d after manufacturing date. Gonzalez et al. (1998) pointed out that supplementing the diet with Opuntia sp. helps in increasing not only milk production but also in improving milk byproducts with regard to consistency and storage life. Similar results should be expected in fresh cheese obtained from nopalfed cows. This indeed occurred in the present study, but only for the first week after cheese elaboration. Bacterial content of FC was below the amount (5.4 CFU·g -1 [log 10 ]) reported by Gonzales et al. (2004) (Table 7) . Bacterial content was the lowest in FC obtained from both G1 and G2 cows at the first day of storage, but it significantly increased after 8 d of storage in both groups (Table 7) .
As to the effect of bacterial type, coliform bacterial content was higher (P < 0.05) than that of mesophilic aerobic bacteria found in FC derived from cows that were not nourished with nopal (Table 5) [log 10 ]); however, the amount of coliform bacteria found in both G1 and G2 cows was above that (2.0 CFU.g -1
[log 10 ]) allowed by the Official Mexican Norm. Therefore, FC produced by the Holstein herd in this study, regardless of diet, is not suitable for human consumption.
According to Gonzales et al. (2004) , high logarithmic counts of microorganisms (Staphylococcus sp., total coliform and fecal, fungi and yeast) are indicative of a poor hygiene observed during milk collection and distribution; this justifies the need to pasteurize milk in order to ensure innocuousness and uniformity in quality of cheese derived from it. Therefore, any effort towards reducing bacterial counts in both raw milk and fresh cheese is justified. According to the results of this work, bacterial content in RM and FC seemed to be reduced when cows were fed-complemented with nopal; therefore, further research is necessary to investigate properties of nopal on milk and cheese quality.
Nopal is commonly reproduced by vegetative propagation; pads are only introduced into soil and rhizogenesis and growth occurs with minimum requirements. So, its culture requires very low investment. Besides it is also common to found it in dry lands and even in desertic regions, so it becames an ideal supplement for cattle feed for the dry season. With regard to consumers acceptance, nopal is an autochthonous widely accepted food en México and in other Latin-American countries. It is also worldwide accepted its beneficial inclusion in human diet to ameliorate high glucose blood levels in diabetic people (Cefalu et al., 2008) .
Conclusion
Nopal as a diet supplement in bovine cattle improved both quantity and quality of row milk and its byproducts (fresh cheese); storage life of fresh cheese also was improved. This effect was observed during the dry season. Mesophilic aerobic bacteria counts were kept below that allowed by the Official Mexican Norm. Therefore, the influence of nopal in bovine cattle nourishment deserves to be further investigated.
